Argon has been injected into the private flux zone of the Alcator CMod divertor and its transport into the confined plasma studied. The injected gas pulse lasts for about 200 ms, but the impurity concentration increases to an equilibrium level and remains there for -1s. It is clear that the argon is acting as a recycling impurity. Nevertheless it has been observed that less than 0.5%of the injected atoms reach the confined plasma and that the percentage decreases with increasing plasma density.
Introduction
In divertor tokamaks the impurity source, resulting primarily from ion-surface interactions, is in principle remote from the confined plasma. One of the anticipated advantages of this configuration is that impurities produced at the divertor target plates have a high probability of being ionised and swept back to the target by the fuel species ion flow. Other factors may however over-ride the simple picture. Reverse flow in the scrape-off layer (SOL), as observed in 2-D fluid calculations [1] , is one possibility and the ion temperature gradient force acting away from the target plate is another.
An attempt to assess the global effect of these factors experimentally has been made by introducing impurities at a known rate through the target plate. The experiments are similar to those which have been carried out on limiter tokamaks [2] . The impurity gas has been injected at two points in the divertor region of the Alcator C-Mod tokamak, the private flux region and the inner SOL. The transport of these impurities from the divertor to the confined plasma has been studied spectroscopically.
Experiment.
Alcator C-Mod is a high field, high density, divertor tokamak [3, 4] . Typical operating conditions for the present experiments were I-p=0. 8 MA, ne=6-12x10 19 m-3 , BT= 5 Tesla,Te(O)=1.0-1. 8 k eV and elongation =1.6, in a single null diverted configuration.
The arrangement of the impurity injection and the diagnostics is shown in fig 1. The impurity gas puffing system consists of an array of capillary tubes which are connected to various poloidal positions at the divertor target plates and the inner wall. The system has been used both In all cases the total number of impurity atoms in the core plasma was less than 0.5 % of the total number of atoms injected. The increase in radiation due to the impurity injection obtained from the MIST calculation is -80 kW and the increase in Zeff =0.25. The increase in Zeff is consistent with measured value, fig2, but the PRAD is significantly lower than the measured -200kW. This discrepancy is not understood. At a critical plasma density the plasma detaches from the divertor target reducing the power to the target plates by a factor of 10 or more [4] . Such a mode of operation would possibly be advantageous in reducing the power loading on the divertor target in ITER [10] . However the effect of the detachment is to increase the impurity radiation, as shown in fig 4 . In this case a short (20ms) gas puff was introduced at 0.1 s and the argon density in the main plasma was increasing approximately linearly from 0.4 s. However at 0.61 s the plasma detaches from the target. This is indicated by the increase in dne/dt, fig 4a, and the sudden drop in the ion current to the target, fig 4b. At the same time the density of ArXVII increases suddenly by a factor of over 2. Similar behaviour is observed for the intrinsic carbon impurity lines, CV and CVI. This increase is thought to be related to increased penetration through the SOL, due to lower electron temperatures.
Discussion.
The low argon impurity content measured in the confined plasma is a rather encouraging result. However similar experiments using neon in DIIID showed much higher fuelling efficiency [11] . The difference could be ascribed either to the differences in atomic physics, eg ionisation rate coefficients, to the higher density in the C-Mod divertor or to the difference of the divertor configuration, eg target orthogonal to flux surfaces in DIIID vs steeply inclined plate in C-Mod . Clearly experimental measurements with a number of different impurities need to be done in the same machine under the same plasma conditions.
The spatial distribution of the argon ionisation has been calculated using a simple Monte Carlo code. The ne and Te profiles obtained from the scanning Langmuir probe [7] are mapped onto the magnetic flux surfaces obtained from the EFIT magnetics code [13] . It is assumed that both ne and Te are constant on flux surfaces which is a reasonable approximation at the lower densities used.
The argon atoms are launched from the gas puff position with a cosine angular distribution and a Maxwellian energy distribution (T=O.1 eV). Using published ionisation rate coefficients [14] the position of maximum ionisation probability is calculated for each trajectory. The results for the two launching positions used experimentally are shown in fig 6. It is observed that all ionisations occur in the private flux zone for launch position A and in the SOL for position B.
Conclusions
The present results indicate good screening for argon impurities under the conditions in the Alcator C-Mod divertor, both for impurities injected into the private flux zone and at the inner wall. The screening improves as the density increases and seems to be related to the high probability of ionisation far from the separatrix. The screening is considerably reduced in shots where the plasma detaches from the target. On this basis the screening for gases with lower ionisation cross-sections is also likely to be less effective.
Further experiments are desirable to investigate how impurity 6 screening varies with different impurities and with divertor conditions. More detailed calculations using fluid or Monte Carlo codes are also desirable in order to obtain a better understanding of the experimental data. 
